teaching hospital in Beijing, China. A complete medical history was collected for all patients. Inclusion criteria were patients who were diagnosed with PE and who agreed to participate in the study. Exclusion criteria were: Patients unable or unwilling to participate or to provide consent; patients younger than 18 or older than 80 years; pregnant women; patients diagnosed with malignant tumor, connective tissue disease, and heart failure (class IV of the New York Heart Association functional classification); patients diagnosed with PE caused by infective endocarditis; patients contraindicated to warfarin therapy, and patients receiving thrombolytic therapy because of high-risk PE presenting with cardiogenic shock and/or persistent arterial hypotension. Written informed consent was obtained from all patients, and this study complied with the Declaration of Helsinki and was approved by the Institutional Review Board of Anzhen Hospital.
Computer tomographic pulmonary angiography (CTPA) was used to diagnose PE, but when CTPA was negative, and there was a high clinical suspicion for PE, pulmonary angiography was used for diagnosis. Arterial and venous blood was taken for blood gas analysis and biochemical testing. Echocardiography and ultrasonography (for deep vein) were finished for everyone.
Polysomnography
Polysomnography (Compumedics, Abbotsford, Victoria, Australia), which has been described in detail in a previous study, [4] was performed during hospitalization for all patients with PE several days before discharge from hospital and when they are stable. The sleep lab is located beside the ward, which allows the patients to be covered by the clinician in the ward. An oronasal thermal airflow sensor and nasal pressure transducer were used to monitor airflow to identify apnea and hypopnea, respectively. Arterial oxyhemoglobin saturation (SaO 2 ) was recorded using a pulse oximeter, and electrocardiograph recordings were taken from a single modified lead II. All sleep studies were manually interpreted by a sleep technician according to the 2007 guidelines of the American Academy of Sleep Medicine (AASM). [8] Apnea was defined as >90% decrease in airflow relative to baseline flow lasting >10 s. Hypopnea were defined as >30% decrease in airflow with 4% desaturation lasting >10 s (AASM recommendation criteria). The apnea-hypopnea index (AHI) was defined as the average number of apnea and hypopnea episodes per hour and subjects with AHI ≥5 events/h were considered to have OSAHS. The remaining patients were classified as non-OSAHS patients. Patients with an AHI of between 5 and 15 events/h should also have daytime symptoms for a diagnosis of OSAHS.
Antithrombotic strategies
Antithrombotic strategies have been described in the previous study. [4] Warfarin was initiated at a dose of 3 mg/day. For the 11 patients older than 75 years or those with a high-risk of bleeding (e.g., uncontrolled hypertension, stroke, renal and hepatic dysfunction, and recent bleeding), a warfarin dose of 2 mg/day was prescribed. The INR value was tested 3 days after warfarin treatment and dosage adjustment was made according to INR: INR < 1.5 = increase dose by 0.5 mg/day for 7 days; INR 1.5-2.0 = no change for 7 days; INR < 2.0 (after 7 days) = increase dose by 1 mg/day for 3 days. A dosage of 0.5-1.0 mg/day was added or reduced, as necessary, according to the patient's INR. The antithrombotic target was deemed to be achieved if the INR level was verified to be within the range of 2.0-3.0 based on 2 measurements. Low molecular weight heparin was used simultaneously with warfarin for at least 4-5 days.
All patients accepted the suggestion that high consumption of Vitamin K-containing foods, such as green leafy vegetables, and ingestion of alcohol should be actively avoided. A dietary handbook was given to all patients, which listed the Vitamin K content in 100 different vegetables. However, overly strict control of vegetable intake was not advisable. Patients were advised to maintain a stable diet and not to change the kinds and amounts of vegetables they typically eat.
Follow-up
A study team was responsible for the follow-up. Patients were asked to visit the outpatient department every 15 days after hospital discharge. Information on patients' health status and medication were gathered at follow-up. The time and category of adverse events (AEs), including death, major bleeding, hospitalization due to pulmonary hypertension or heart failure, and recurrence or aggravation of PE or deep vein thrombosis (DVT), were also recorded. Major bleeding was diagnosed in the case of a fall in hemoglobin levels to >2 g/dl, the need for transfusion, or intracranial hemorrhage. Aggravation of PE (or DVT) was defined as worsening symptoms with a deterioration observed upon imaging during anticoagulation, while recurrence means reappearance of embolism (or DVT) upon imaging with or without symptoms after warfarin discontinuation.
Patients received a fixed maintenance dose of warfarin everyday and had their INR value tested every 15 or 30 days. If INR was too high or too low, and the adjusted warfarin dose was different from the dose taken at hospital discharge, then the dose which could maintain the longest duration of target INR value was accepted in our study for analysis.
All patients with symptomatic OSAHS and all OSAHS patients with AHI >15 times/h were advised to use a positive airway pressure (PAP) device during sleep. Doctors helped select a suitable PAP (manual titration) and appropriate mask, according to their medical and financial conditions. PAP adherence was deemed to be achieved if the patient was on therapy for at least 4 h/night, 70% of the nights of the week. [9] Two patients were asked to postpone their surgery for OSAHS, because of the diagnosis of PE and their anticoagulant state.
Patients who had no adverse effects for 6-month and no signs of thrombosis on CTPA and ultrasonography were evaluated carefully by doctors to exclude any diseases needing long-term anticoagulation, such as a malignant tumor, connective tissue diseases, atrial fibrillation, residual lesions and pulmonary hypertension, and then warfarin therapy was discontinued. Patients were closely followed for the next 12-month. Medical assistance was available if any abnormal symptoms appeared. Four patients who were verified to have residual embolism were asked to prolong anticoagulation and were not followed up.
Statistical analysis
Continuous variables are described as mean with standard deviation or median with an interquartile range (IOR) for skewed data, whereas dichotomous variables are described as numbers and percentages. Differences between patients in OSAHS and non-OSAHS groups were analyzed by independent t-test for continuous data or Mann-Whitney for samples with nonnormal distributions and Chi-square tests for dichotomous data. Body weight and INR values were selected as covariates, and analysis of covariance was used to compare the difference in warfarin dosage in the OSAHS and the non-OSAHS groups. Chi-square test was used to determine the difference in the incidence of various AE for the two groups. All statistical analyses were carried out using SPSS software version 16.0 (SPSS Inc., Chicago, Illinois, USA). A P < 0.05 was considered as statistically significant.
Results

Clinical characteristics
The study design is shown in Figure 1 . A total of 133 patients with PE were screened, and 32 OSAHS and 65 non-OSAHS patients were included in the study.
Versus the non-OSAHS group, the OSAHS group had more male patients, with a much higher body mass index and body weight [ Table 1 ]. In our study, 78.13% of OSAHS patients had a history of hypertension versus 55.39% for non-OSAHS patients. There was no significant difference between the two groups in the percentages of concomitant use of aspirin (or clopidogrel), biguanides, antacids, quinolones, cephalosporin and macrolide antibiotics.
C o m p a r e d w i t h m i l d O S A H S p a t i e n t s w i t h
AHI < 15 events/min, the moderate-to-severe patients with AHI ≥ 15 (events/min) had lower minimum SaO 2 during sleep, longer apneas duration, higher arousal index with bad sleep efficiency [ Table 2 ].
Therapeutic INRs for the OSAHS group required a comparatively higher dose of warfarin [ Table 3 ]. This difference still existed between the two groups after adjusting for covariates (achieved INR value and weight) (P = 0.024). Only 4 patients achieved the recommended levels of PAP adherence. According to the changes of INR value during follow-up, one of these 4 subjects was able to take a lower dose of warfarin to maintain the INR range of 2.0-3.0, while the other 3 kept the same daily maintenance dose as before.
Safety and effectiveness of the high-dose warfarin for obstructive sleep apnea hypopnea syndrome patients
During 6-month of warfarin treatment, the incidence of AE (including residual embolism) was 12.5% for OSAHS patients, and 9.23% for non-OSAHS patients (χ 2 = 0.241, P = 0.623). OSAHS patients had no major bleeding or PE aggravation [ Table 4 ]. Noticeably, 3 major bleeding events occurred among non-OSAHS patients, including 2 within the 1 st month. Two patients with major bleeding had an INR value within the therapeutic range. One OSAHS patient died from heart failure within 6-month, but no non-OSAHS patient died in the same period. There was no significant difference in the incidence of hospitalization for heart failure or pulmonary hypertension between the two groups (3.13% vs. 1.54%, P = 0.616). After anticoagulation, each group had 2 patients with confirmed residual embolism but with no clinical manifestation (silent residual) (6.25% vs. 3.08%, P = 0.473).
Pulmonary embolism relapses after warfarin discontinuation
As shown in Table 5 , after successful treatment for 6-month, 28 OSAHS, and 59 non-OSAHS patients were allowed to discontinue anticoagulation and enter into close follow-up observation. No significant difference existed between the two groups in terms of the total number of adverse effects after warfarin termination (28.57% vs. 16.95%, P = 0.214). However, OSAHS patients had more recurrence of PE than non-OSAHS (21.43% vs. 6.78%, P = 0.047). Notably, the recurrence of PE constituted 75% of the AE after warfarin None of the 4 patients achieving recommended levels of PAP adherence had PE relapse after warfarin discontinuation. 
Obstructive sleep apnea hypopnea syndrome patients present with hypercoagulation
disCussion
To the best of our knowledge and belief, this is the first study to follow-up the results of anticoagulation in patients with PE complicated by OSAHS. To treat PE, the OSAHS group required a comparatively higher dose of warfarin to achieve an INR of 2.0-3.0. The safety and effectiveness of the high-dose warfarin for OSAHS patients were demonstrated in the equivalent event-free survival rate between the OSAHS and non-OSAHS groups. The high recurrence rate of PE after warfarin discontinuation among OSAHS patients implies the rationality of aggressive treatment regimen, namely higher doses of warfarin as well as possibly longer courses of treatment at the same time. discontinuation for the OSAHS group. In the 10 patients that experienced a PE recurrence, 60% occurred within 3 months of warfarin discontinuation, and 90% occurred within 6-month.
In our study, PE patients with OSAHS took high-dose warfarin but did not have a high incidence of bleeding, during treatment revealing that a high-dose anticoagulant does not mean a high-risk of bleeding, if INR is closely monitored. The reported incidence of major bleeding in patients on warfarin ranges from 0.4% to 7.2%/year. [10] [11] [12] Noticeably, most bleeding events happened at very early stage of treatment in our study. Therefore, strict INR monitoring is encouraged as early as the initiation of anticoagulation, regardless of whether the index is stable or fluctuating. Patients should be educated on increased bleeding risk during this period. Proven risk factors for bleeding include advanced age, presence of hypertension, diabetes, anemia, congestive heart failure, and female gender. [10, [13] [14] [15] [16] Based on the findings of this study, a high maintenance warfarin dose taken by patients with severe OSAHS does not constitute a risk factor.
In addition to concerns regarding the risk of bleeding, the recurrence of thrombosis constitutes another important concern. The cumulative proportions of patients with incident venous thromboembolism (VTE) with recurrence (including VTE and PE) at 1, 2, 5 and 10 years are 13%, 17%, 23% and 30%, respectively, [17] [18] [19] [20] and 2.0%, 6.4% and 8.0% at 14-, 90-and 180-day, respectively. [21] Some researchers even tend to argue that it is basically impossible to cure embolism using anticoagulation. [18, 22] In our study, before stopping warfarin, a diagnosis of malignant tumor, connective tissue diseases, atrial fibrillation, residual lesion, and pulmonary hypertension, which need chronic anticoagulation, was excluded. However, there was still a notable proportion of patients presenting with a recurrence of PE or DVT while OSAHS patients had higher rates of recurrence than their non-OSAHS counterparts. Noticeably, most of the recurrence happened early after warfarin discontinuance. It appears that OSAHS patients tended to present with a trend of warfarin resistance, namely no bleeding during warfarin treatment and a high recurrence rate after discontinuation, as well as a favorable benefit/risk ratio for warfarin treatment. The documented risk factors for PE recurrence included male gender and D-dimer level in previous studies. [23] Uncontrolled OSAHS can also be a potential risk factor for PE recurrence. This is a meaningful finding, worth noticing.
As to the duration of anticoagulation, acute therapy aims to prevent extension of an acute embolism, insure thrombus has either recanalized or organized, and return the inflammatory/innate immunity system to baseline. [24] Current guidelines recommend 3-6 months of treatment after initiation of warfarin for PE and DVT.
[25] Beyond 6-month, the aim of continued anticoagulation is to prevent recurrent thrombosis (prophylaxis). Considering the bleeding risk, the appropriateness of prolonged anticoagulation should be continuously re-evaluated, and prophylaxis should be stopped if the benefit no longer exceeds the risk. [21] For patients with PE complicated by OSAHS, especially severe OSAHS, it would be wise to assess the patients more strictly before deciding to discontinue anticoagulation. Meanwhile, although we consider the routine 3-6 months of anticoagulation as not enough for some OSAHS patients, randomized controlled trials are needed to verify that these patients can really benefit from prolonged duration anticoagulant treatment.
Considering the lower INR and higher PLG values on admission, OSAHS patients appear, to some extent, to have a hypercoagulant state in our study. Actually, OSAHS patients tend to have higher weight and more risks of hypercoagulation due to factors such as sedentary behavior, increased hematocrit levels, [26] higher blood viscosity, [27] and increased platelet activity, [28] all of which tend to permit more aggressive anticoagulation. However, it would not be prudent to use baseline coagulation values to estimate the required warfarin dose, and the dose may be determined by many important genetic and nongenetic factors. Anyway, the OSAHS group resumed a relatively hypercoagulant state 1-month after warfarin cessation in our study, which can be an important risk for recurrence of PE.
There is a very important shortcoming in our study. PAP was suggested for most OSAHS patients, but only 4 patients actually adhered to PAP during follow-up. In China, not only because of the economic development but also the understanding of OSAHS, acceptance of PAP therapy is quite low. For those who accepted PAP, according to a study completed mostly in China, the reported 12-month adherence rates were only 39%. [29] Internationally, of OSA patients in whom CPAP is recommended, the initial rejection rates range widely from 5% to 50%. [30] In China, it is the initiation rather than persistence of PAP constitutes the difficulty for OSAHS control. Failure of health insurance coverage is an important reason. Meanwhile, we had better confess that patients with coronary heart disease receiving percutaneous coronary intervention did have better CPAP adherence to about 40%. [31] For patients with PE, more effort is needed to convince them the importance of PAP. Previous studies proved that PAP may reduce blood coagulability [32] and systemic oxidative stress. [33] It will be very interesting to investigate whether PAP can really eradicate hypercoagulation of OSAHS patients, counteract some dose of their anticoagulant agents or increase warfarin "sensitivity", or even increase risk of bleeding side effect by taking regular dose of anticoagulant. Meanwhile, as warfarin dose is closely related to genetic background, it is worthy to investigate whether genetic overlap exists between OSAHS and warfarin resistance, which cannot be reversed by CPAP.
In conclusion, OSAHS patients require a comparatively higher maintenance dose of warfarin to maintain an INR of 2.0-3.0. Under close monitoring, the relatively high-dose of warfarin will not increase the bleeding risk. PE and hypercoagulation may recur in some OSAHS patients soon after warfarin termination, and 6-month routine anticoagulation seems not enough for PE complicated by uncontrolled OSAHS.
